Introduction 29 30
Mitochondria act as central hubs for cellular bioenergetics, co-factor and macromolecule 31 precursor synthesis, redox balance, Ca 2+ handling, apoptosis, and immunity (Spinelli and 32 Haigis, 2018; West and Shadel, 2017) . These organelles house their own genome (mtDNA), as 33 well as RNA and protein-synthesizing systems that together code and coordinate the 34 assembly of core subunits of the oxidative phosphorylation (OXPHOS) machinery used to 35 generate the cell's primary energy substrate, ATP. Although mtDNA lesions that perturb 36 OXPHOS assembly can cause devastating metabolic disorders (Gorman et al., 2016) , 37 mutations are buffered by the polyploidy of the mitochondrial genome. Hundreds to 38 thousands of mtDNA copies can populate each cell, which can result in a mixture of multiple 39 mtDNA variants within individual cells and organelles (Morris et al., 2017) . This state, termed 40 heteroplasmy, and the factors that influence its dynamics are critical determinants for the 41 pathogenesis of rare mitochondrial diseases, and possibly a wide range of common age-onset 42 inflictions, including neurodegeneration, diabetes, and cancer (Hahn and Zuryn, 2018 ; 43 Stewart and Chinnery, 2015) . 44
45
At any given time, an interplay between stochastic and deterministic processes 46 influence cellular heteroplasmy (Hahn and Zuryn, 2018) . Mitotic segregation, genetic drift, 47 and the competing effects of homeostatic (Gitschlag et putamen and substantia nigra regions of the brain show an age-dependent increase in the 55 heteroplasmy levels of the mtDNA 4977 deletion (a mutant genome harbouring a 4,977bp 56 deletion), relative to the rest of the brain (Soong et al., 1992) . In the invertebrate C. elegans, 57 stereotyped heteroplasmy differences have also been observed. Here, mtDNA molecules 58 harbouring a large deletion accumulate at different heteroplasmy levels in distinct somatic 59 and germ lineages in a reproducible manner (Ahier et al., 2018) . However, it is unknown how 60 these non-random patterns mtDNA heteroplasmy between tissues evolves within individuals. 61 62 Here, we have determined that cell-type-specific roles for PTEN-induced putative 63 kinase 1 (PINK1) and the E3 ubiquitin-protein ligase parkin generate stereotyped patterns of 64 mtDNA mosaicism across major somatic tissues in C. elegans. PINK1 and parkin are conserved 65 mediators of mitochondrial autophagy (mitophagy), a selective form of autophagy that 66 removes depolarized mitochondria (Palikaras et al., 2018) . The defective organelles are 67 decorated with polyubiquitin chains on their outer surface via PINK1 recruitment of parkin, 68 and are subsequently captured by autophagosomes and destroyed following fusion with 69 lysosomes (Harper et al., 2018) . We show that mutations in PINK1 and parkin reverse the 70 stereotyped divergence of mtDNA heteroplasmy observed between neuronal, muscle, 71 intestinal, and hypodermal tissue types. Moreover, we reveal that distinct tissue types use 72 unique strategies to manage mtDNA mutations, which may be dependent upon metabolic 73 requirements. Our results provide a mechanistic rationale for stereotyped mtDNA mosaicism 74 in the soma and provide insights into the processes that contribute to the evolving mtDNA 75 landscape within individuals in both healthy and diseased states. 76
77

Results and Discussion 78
In order to determine whether conserved homeostatic mechanisms such as mitophagy shape 79 stereotyped mosaic patterns of somatic mtDNA distribution, we introduced a heteroplasmic 80 variant of mtDNA that harbours a 3.1 kb deletion (uaDf5, also called ∆mtDNA) (Tsang and Mitochondria were purified from both pink-1(tm1779);pdr-1(gk448) double-mutant and wild-97 type backgrounds carrying ∆mtDNA. To accurately quantify ∆mtDNA heteroplasmy levels 98 from each tissue type, we used a fluorescence multiplex quantitative PCR (qPCR) assay (Ahier 99 et al., 2018) . To eliminate the influence of any inter-population variability affecting our 100 analyses, we compared mitochondria purified from each cell type to the total mitochondria 101 (homogenate) from the same samples. In addition, we performed the same experiments in 102 animals in which mitochondria from all cell types were purified using the same CS-MAP 103 technique. In this case, the ubiquitous promoter etf-3p was used to drive the expression of a 104 TOMM-20::mKate2::HA transgene integrated into the same genomic location as the other 105 transgenes. As expected, ∆mtDNA heteroplasmy levels did not change between total input 106 mitochondria and mitochondria purified from all cells of wild-type and pink-1(tm1779);pdr-107 1(gk448) backgrounds ( Figure 1B ). This confirmed that deficiencies in PINK-1 and PDR-1 did 108 not influence the CS-MAP procedure. 109 110 However, we found that removal of the PINK-1-PDR-1 mitophagy pathway in mitochondria 111 purified from neurons, intestine, and hypodermis resulted in a significant increase in ∆mtDNA 112 heteroplasmy levels ( Figure 1B ). This suggests that mitophagy operates within these tissues 113 to selectively remove ∆mtDNA molecules. In wild-type animals, mitochondria isolated from 114 neurons and intestinal cells displayed lower levels of heteroplasmy relative to the 115 homogenate. However, inactivating PINK-1-PDR-1-mediated mitophagy completely reversed 116 this trend, suggesting that PINK-1-PDR-1-dependent mitophagy is particularly important in 117 these cell types for maintaining heteroplasmy levels below the average for the whole animal 118 ( Figure 1B ). Interestingly, we found that removal of pink-1 and pdr-1 had no effect on ∆mtDNA 119 heteroplasmy levels in BWM cells, indicating that PINK-1-PDR-1-mediated mitophagy was not 120 utilised in this tissue type for mitochondrial genome quality control ( Figure 1B and 1C) . 121
Moreover, removal of pink-1 and pdr-1 abolished any differences in ∆mtDNA heteroplasmy 122 levels between all of the major tissue types studied ( Figure 1D suggesting that mtDNA quality control is, overall, less efficient in muscle. 157
158
The uaDf5 deletion disrupts four genes that encode core subunits of the electron transport 159 chain and as such, ∆mtDNA is insufficient for the assembly of a functional OXPHOS system. 160
Despite this, we found that BWM activity was unperturbed by the presence of ∆mtDNA. Indeed, we found that in all tissues except hypodermis, the mtDNA copy number per 174 mitochondrion increased in the presence of ∆mtDNA ( Figure 3B ). However, the largest 175 absolute increase was observed in BWM mitochondria, with almost 2 additional copies of 176 mtDNA in each mitochondrion ( Figure 3C ). This suggests that BWM mitochondria have a 177 greater capacity to respond to ∆mtDNA by perpetuating a higher overall copy number of 178 mtDNA per mitochondrion, which may act as an alternative mechanism for maintaining cell 179 function in the absence of mitophagy-mediated mtDNA quality control. maintenance were performed according to standard protocols (Brenner, 1974) . The 254 transgenic strains used for cell-specific mitochondrial purification experiments were 255 generated as previously described (Ahier et al., 2018) . 
